ABSTRACT -The reproductive toxicity of dicyclohexyl phthalate (DCHP) was evaluated in a two generation test in which male and female Sprague-Dawley (SD) rats of parental (F0) and F1 generation were exposed to DCHP in the diet at concentrations of 0 (control), 240, 1200 or 6000 ppm. With regard to the effects on the F0 and F1 parental animals, changes included inhibition of body weight gain and food consumption, diffuse hypertrophy of hepatocytes, and hypertrophy of thyroidal follicular epithelial cells at the doses of 1200 ppm and 6000 ppm. The following changes were observed in the 6000 ppm group: increase weights of the liver and thyroid, increased hyaline droplets in the renal proximal tubular epithelium (F0 and F1 males), reduction of prostatic weight (F1 males), and diffuse and/or focal atrophy of testicular seminiferous tubules (F1 males). In addition, slight prolongation of the estrous cycle was noted in the F0 females of the 6000 ppm group, along with reduced spermatid head counts in the testes (homogenationresistant spermatids) in F1 male receiving doses of 1200 ppm or 6000 ppm. It is thought that the prolonged estrous cycle was secondary to the suppression of body weight gain. There were no test substance related changes in clinical signs and reproductive capability (mating, fertility, gestation and birth index), or in data for the delivery and lactational periods, or serum hormone levels. With regard to effects on the offspring, inhibition of body weight gain was found in the F1 and F2 6000 ppm, and decrease of anogenital distance (AGD) and appearance of areola mammae were observed in the F1 male 6000 ppm and F2 male receiving doses of 1200 ppm or 6000 ppm. No effects of DCHP treatment on the offspring were observed on results of clinical signs, the number of the pups delivered, sex ratio, viability, physical development, reflex and response tests, external abnormalities, organ weights, or necropsy findings. From the present study of DCHP administered to rats over two-generations, the no observed effect level (NOEL) for effects on the parental animals including the endocrine system, is considered to be 240 ppm. With regard to the reproductive toxicological effects on the parental animals, the NOEL is 240 ppm for males and 1200 ppm for females. For offspring, the NOEL values are concluded to be 240 ppm for males and 1200 ppm for females.
INTRODUCTION
Dicyclohexyl phthalate (DCHP) is a common plasticizer ingredient for production of nitrocellulose, ethyl cellulose, vinyl acetate, polyvinyl chloride, and resins (HSDB, 2001) . Since DCHP neither binds to human estrogen receptors nor induces transcriptional activation through human estrogen receptors, it is reported to have limited potential for endocrine disruption via sex hormone receptors (METI, 2002) . However, related phthalate compounds were found to reduce the anogenital distance (AGD) and cause hypospadias and nipple retention in male offspring (Fisher, 2004) . To ascertain whether DCHP might similarly exert reproductive and developmental toxicity the present two-generations study was performed on the reproductive capability of parental animals as well as the growth and development of offspring. Moreover, the presence or absence of endocrine disrupting action was assessed.
As part of the "Developmental Project of Evaluation and Testing Methods for Endocrine Disrupting Effects of Chemical Substances", a research project by the New Energy and Industrial Technology Developmental Organization (NEDO), feed containing DCHP feed was administered to rats over two successive generations and the effects on the reproductive capability in the parental animals and growth and development of the offspring were investigated.
This study was carried out in accordance with OECD guideline for the testing of chemicals No.416 (OECD, 1983) .
MATERIALS AND METHODS

Chemical
Dicyclohexyl phthalate (DCHP, CAS No. 84-61-7) for study was provided by MERCK-Schuchardt OHG., (Hohenbrunn, Germany) and mixed into the diet (NIH-07M, CLEA Japan, Inc.). The DCHP was 99.9% pure (Lot No.: S26063).
Animals and housing conditions
I n t e r n a t i o n a l G e n e t i c S t a n d a r d r a t s (Crj:CD(SD)IGS, Charles River Japan, Inc. [Astugi breeding center]) were employed. Twenty-four male and female rats were used in each group. Administration was started at five weeks of age in the F0 parental animals. After quarantine and acclimatization for 5 days, healthy rats were subjected to the study. Animals were reared on basal diet (NIH-07M, CLEA Japan, Inc.) and tap water irradiated by ultraviolet-ray after filtration through a 5 µm filter was given ad libitum using water bottles. They were housed in an animal room controlled with the temperature at 19.0°-25.0°C, the relative humidity at 35.0%-75.0%, the number of ventilation at about 12 times/hour, and the light and dark cycle at 12 hours (turn on at 7 o'clock and off at 19 o'clock). They were placed in polycarbonate cages with bedding for laboratory animals. Administration to the F0 parental animals was started at five weeks old.
Dosing
A preliminary dose range finding study was conducted with DCHP administered to rats at doses of 0, 600, 2000, 6000 or 20000 ppm during the period from three weeks or more pre-mating through the mating period, until necropsy for the males, and through gestation and lactation periods until postnatal day 21 (PDN 21) for the females. With regard to effects on the parental animals, in the 20000 ppm group, inhibition of body weight gain and increase in hepatic weights were observed in males and females, along with increase in adrenal weights and decrease in the weights of the thymus, spleen and ovary in the females. In the 6000 and 2000 ppm groups, increase or a tendency for increases in hepatic weights were found in both females and males, and a similar tendency was also shown in the females of the 600 ppm group. No effects on reproductive functions, delivery or lactation were found in any dose group. Regarding effects on the offspring, inhibition of body weight gain was observed in both males and females of the 20000 ppm group, and a similar trend was found in the 6000 ppm group. Based on these findings, the highest dose for the main study set at 6000 ppm, with middle and lowest doses of 1200 and 240 ppm, respectively, by dividing with the common ratio of 5.
Administration period
The rats received DCHP in the diet. Administration to F0 parental animals was started from the age of five weeks for both males and females; administration to F0 males was continued until necropsy through 10 weeks or more of the pre-mating and mating periods, while administration to F0 females lasted until necropsy through 10 weeks or more of the pre-mating, mating, gestation, and lactation periods until weaning of the F1 offspring (PND 21). Administration to F1 parental animals was started from the time of weaning (three weeks old) and was continued for F1 males until necropsy through 10 weeks or more of the pre-mating and mating periods, and similarly for F1 females through 10 weeks or more of the pre-mating, mating, gestation, and lactation periods until weaning of the F2 offspring (PND 21). Administration to the non-delivering F0/F1 animals continued until necropsy, which was conducted at least 26 days after confirmation of copulation.
Mating procedures
At the age of 15 weeks after the 10-week administration period starting from five weeks of age for the F0 animals, and at the age of 14-15 weeks after the 10 week or longer administration period from three weeks of age in the F1 animals, females were moved to the cages of male partners in the evening, and the males and females cohabited at a sex ratio of 1:1 through the mating period. The existence of a vaginal plug or sperm in the vaginal smear was assessed every morning from the following day. When either was detected, it was judged that copulation had occurred and the day was defined as gestation day (GD) 0. The mating period was limited to two weeks. Pregnancy was confirmed by investigating the existence/absence of delivery and/or implantation sites at the time of necropsy.
For the F1 parental animals, one male and female were selected randomly from each litter on PND 21. Necropsy of the other offspring was performed on the same day.
Experimental design 1. Parental data 1) Observation and measurements for parental animals All adult rats were observed daily for clinical signs of toxicity, and body weights and food consumption were recorded weekly. The body weights and food consumption of copulation-confirmed females were measured on GDs 0 (the day when copulation was confirmed), 7, 14, and 20, on lactation days (LDs) 0, 4, 7, 14, and at necropsy after weaning (day 21 of lactation).
2) Estrous cycle
Vaginal smears were collected from the females everyday in the morning to examine the estrous cycle during the two weeks before mating, starting from 13 weeks of age for F0 parents and from 11 weeks of age for F1 parents, and the mean days of the estrous cycle were calculated. Estrous cycles other than 4 to 6 days were regarded as abnormal.
3) Sperm examination
Sperm motility of ten animals of the parental animals in each F0 or F1 group was assessed with a sperm auto-analyzer (HTM-IVOS Ver.10.8). Ten animals of the control and 6000 ppm groups were also randomly selected for counts of the numbers of homogenizationresistant spermatids in the testes (spermatid head counts) and numbers of sperm in the cauda epididymal determined with the sperm auto-analyzer (HTM-IVOS Ver.10.8). A statistically significant difference in the numbers of homogenization-resistant spermatids in the testes was evident between the 6000 ppm group and the control in the F1 parents, so that sperm examination was also added for the 240 and 1200 ppm groups. Furthermore, ten animals each in the control and 6000 ppm groups, smear specimens were prepared and examined for morphologically abnormal sperm to calculate their appearance rate.
4) Serum hormone levels
Six males of the F0 and F1 parents for each treatment group were randomly selected for hormone measurement at necropsy. Females were examined for estrous cycling everyday in the morning after completion of the lactation period, and six in each treatment group in the proestrous stage were randomly selected, then left for about one hour after being taken out from the animal room and then sacrificed to collect blood samples by decapitation without anesthesia at an almost constant time after 1:00 p.m. Using sera separated from the blood samples, testosterone, FSH and LH in the males and estradiol, FSH and LH in the females were measured by the RIA method. The hormone measurement was carried out at Panapharm Laboratories Co., Ltd.
5) Organ weights
The following organs were weighed in all the F0 and F1 parental animals: the brain, pituitary gland, thyroid including parathyroid, liver, kidneys, adrenal glands, spleen, testes, epididymes (whole and caudal parts), prostate (ventral lobe), seminal vesicles (including the coagulating glands), ovaries, and uterus (including the cervical region).
6) Pathological and histopathological examinations
All the parental animals sacrificed or found dead were necropsied.
Histological examination was conducted for the following organs from all the male and female F0 and F1 parents of the control and the 6000 ppm groups: the brain, pituitary gland, thyroid including parathyroid, liver, kidneys, adrenal glands, spleen, testes, epididymes, seminal vesicles (including coagulating glands), prostate (ventral lobe), ovaries, uterus (including the cervical region), vagina, and mammary glands. Furthermore, histopathological examination was performed for the groups receiving the doses of 240 or 1200 ppm were conducted as follows: for the liver and thyroid in the male and female F0 and F1 parent animals, for the kidneys in male F0 and F1 parents, for testes in male F1 parents, for adrenals in male and female F1 parents and for macroscopic abnormal sites observed were examined. In addition, any animals that died during the course of the study were examined to investigate the cause of death.
Litter data (offspring parameter) 1) Observation and measurements for offspring
The pups were observed for clinical signs from the outside of the cage everyday through the lactation period. When body weights were measured, each was individually and closely observed in the investigator's hands. The number of the pups per litter was adjusted randomly to eight (four each of the males and females when possible) on PND 4. When the number of the pups per litter was less than eight, they were housed as is. The pups not selected at the adjustment were sacrificed by exposure to carbon dioxide gas and their whole bodies were stored in 10% neutral phosphatebuffered formalin solution.
Body weights were measured on PNDs 0, 4, 7, 14, and 21. The anogenital distance (AGD: the distance between the anus and the genital node) was determined on PND 4 following adjustment of the number of pups. The relative AGD value divided by cubic root of the body weight on the measurement day was also calculated. The F1 and F2 pups were observed for the appearance of areolae (or nipples) on PND 14* and on PND 12*, respectively, and appearances rates (incidences) were calculated. * Regarding the reason for the difference in observation day between the F1 and F2 pups: observation of the appearance of nipples was not scheduled in the original study protocol. However, when F1 pups were observed for clinical signs on PND 14, areolas were observed in the males of the 6000 ppm group. Therefore, observation of the existence of nipples was performed on PND 14 in the F1 pups, and on PND 12 in the F2 pups, when definitive evaluation could be accomplished.
2) Physical development and sexual maturation
The incidence of pinna unfolding was calculated by observation of all offspring from PNDs 2 to 4. Offspring were also observed and examined for the day on which the completion of the following parameters occurred before weaning: upper incisor eruption from PND 6 and eye opening from PND 10.
Regarding sexual maturation, preputial separation in the males and vaginal opening in the females employed as parameter, and the F1 animals were individually observed during the period from PND 35 or PND 27 until completion of male or female sexual maturation, respectively, and the body weights were measured on the day of completion.
3) Reflex response tests
All live pups were examined on PND 19 for their pain response, negative geotaxis, air righting reflex, and the pinna reflex, then the positive rates were calculated.
4) Organ weights (weaning)
The brain, thymus and spleen of single F1 and F2 male and female offspring selected from each litter were weighed on PND 21.
5) Pathological examination
Excluding the pups that died before selection on PND 4 or the pups not selected on PND 4 (when their numbers were adjusted), all the remaining pups were necropsied when they were sacrificed or found dead.
Statistical analyses
Data concerning effects on the offspring until their weaning were based on values calculated per litter as the specimen unit. Using weights of bilateral organs, the sums of the left and right organs were employed for statistical analysis.
Metric data were analyzed for homogeneity of variance by Bartlett's method (Bartlett, 1937) . When the variance was homogeneous, one-way ANOVA was carried out. When not homogeneous, on the other hand, a Kruskal-Wallis's test (Kruskal and Wallis, 1952) was performed. When a significant inter-group difference was found, Dunnett's method (Dunnett, 1955) or a Dunnett type multiple-comparison method (Dunnett, 1964) were applied. For some examination items, the Kruskal-Wallis test was applied first, and when a significant inter-group difference was found, Dunnett type multiple-comparison method was conducted. Numerical data were analyzed by the Fisher's exact probability method (Fisher, 1955) . The level of statistical significance was basically set at 5%.
For clinical signs, necropsy, and histopathological findings, no statistical analyses were performed.
RESULTS
Data of parental animals 1) Clinical signs, body weight and food consumption
No treatment-related changes were observed in clinical signs in the F0 and F1 parental animals of any dose group. No deaths occurred during the study period in either sex of the F0 parents. Of the F1 parents, one female in the 240 ppm group died during delivery on GD 25, and one female in the 6000 ppm group died on PND 26. In the former (the dam in the 240 ppm group), although her delivery started on GD 22, all the pups died without suckling the milk, and the dam eventually died on GD 25 before all the intrauterine fetuses were completely delivered. In the latter case (in the 6000 ppm group), no specific changes were Vol. 30 Special Issue noted. It was considered that the mortality was caused by systemic worsening of general condition during the puerperal period or by opportunistic infection. As no similar changes were found in scheduled-sacrificed animals, it was judged that the changes were not related to DCHP.
Chemical intake data are shown in Table 1 and body weight data in Fig. 1 and 2 . The males and females of F0 and F1 parental animals of the 1200 ppm or higher groups demonstrated inhibition of body weight gain. Food consumption data are shown in Table 2 . Treatment with DCHP reduced food consumption in the F1 male parents of the 1200 ppm or higher groups and in the F0 female parents of the 6000 ppm group.
2) Estrous cycle
Data for estrous cycles in F0 and F1 females are shown in Table 3 . In the F0 females receiving 6000 ppm, prolongation estrous cycle was observed but this was not evident in the significant elevation of the estrous cycle F1 females.
3) Reproductive effects
Reproductive data for F0 and F1 animals are shown in Table 4 . No significant differences were observed in any dose groups of F0 and F1 parental animals for the following indices; number of days required for completion of copulation, number of estrous stages missed until completion of copulation, mating index, fertility index, gestation length, gestation index, birth index and number of implantations. Furthermore, no effects of the substance were apparent in the results obtained during the delivery and lactation periods. The values for the mating and fertility indices showed slight tendencies for decrease in the 6000 ppm group of the F1 parents, and this was considered associated with the testicular changes (soft and/or small size), recognized in three males at necropsy. In the other males of the same group (the F1 6000 ppm group) copulation and resultant pregnancy were normal.
Data for sperm parameters in F0 and F1 parental males are shown in Table 5 . In the F0 male groups treated with the doses up to 6000 ppm, no treatmentrelated effects were observed for the sperm motility rate, number of homogenization-resistant spermatids in the testis, number of sperm in the caudal epididymis, and incidence of morphologically abnormal sperm. In the F1 male parents of the 1200 and 6000 ppm groups, significantly reduced values were observed for the numbers of homogenization-resistant spermatids in the testis. In the F1 male parents of the 6000 ppm group, soft and small sized testes were observed in one ani- 18.0 ± 1.7** 18.9 ± 1.8 20.1 ± 1.7 20.2 ± 1.9 GD 7
19.4 ± 1.6** 20.4 ± 1.5* 21.2 ± 2.0 22.0 ± 2.6 GD 14 20.8 ± 1.9 20.7 ± 1.9 21.3 ± 2.4 21.3 ± 2.0 GD 20 Lactation d
28.4 ± 2.4 30.2 ± 4.6* 29.3 ± 4.6 26.6 ± 4.0 LD 4 64.2 ± 5.1 69.8 ± 5.5* 68.1 ± 4.3 66.2 ± 4.3 LD 21 F1 males Pre-mating 10.2 ± 1.2** 11.4 ± 0.8 11.9 ± 1.2 11.7 ± 0.8 PND 28
24.6 ± 1.4** 26.0 ± 1.2 27.1 ± 2.0 27.2 ± 1.4 PND 56 24.9 ± 1.4* 25.1 ± 0.7* 26.8 ± 2.3 27.2 ± 1.6 PND 91 F1 females Pre-mating 9.5 ± 1.1 10.6 ± 1.1 10.9 ± 1.1 10.2 ± 1.1 PND 28 17.5 ± 2.8 17.1 ± 1.9 17.9 ± 2.3 16.9 ± 1.4 PND 56 17.0 ± 1.2 17.8 ± 0.9 18.3 ± 1.8 17.0 ± 1.2 PND 91 Gestation 20.0 ± 2.1 21.4 ± 2.0 21.7 ± 2.4 21.3 ± 2.2 GD 7 21.2 ± 2.0 23.5 ± 1.9 23.5 ± 2.3 22.9 ± 3.1 GD 14 22.4 ± 2.0 23.5 ± 2.7 23.6 ± 2.4 23.2 ± 2.3 GD 20 Lactation 29.1 ± 3.7 28.4 ± 4.3 28.9 ± 3.9 29.0 ± 3.3 LD 4 69.4 ± 4.2 70.6 ± 5.1 69.6 ± 3.7 71.6 ± 5.5 LD 21 a : Mean ± SD. b : Pre-mating period (10 weeks 15.0 ± 1.4 14.6 ± 2.2 14.4 ± 2.4 14.4 ± 2.5 No. of implantation sites 14.0 ± 1.6 13.9 ± 2.2 13.9 ± 2.6 13.8 ± 2.6 Total No. of offspring at birth 13.8 ± 1.5 13.8 ± 2.2 13.7 ± 2.8 13.8 ± 2.6 No. of offspring born alive 0.52 0.49 0.50 0.49 Sex ratio h Body weights of male offspring 6.5 ± 0.4* 6.8 ± 0.4 6.8 ± 0.5 6.8 ± 0.6 Day 0 10.4 ± 1.0* 11.5 ± 1.2 11.4 ± 1.2 11.3 ± 1.2 Day 4
16.7 ± 1.3** 18.3 ± 1.6 18.7 ± 1.6 18.5 ± 1.4 Day 7
33.4 ± 2.0** 36.8 ± 2.1 37.2 ± 2.6 37.0 ± 2.4 Day 14 55.0 ± 3.8** 62.6 ± 4.6 61.9 ± 4.8 62.2 ± 4.5 Day 21 Body weights of female offspring 6.1 ± 0.4* 6.4 ± 0.5 6.4 ± 0.5 6.5 ± 0.5 Day 0 9.8 ± 1.1** 11.0 ± 1.2 11.1 ± 1.2 10.9 ± 1.1 Day 4
15.9 ± 1.5** 17.5 ± 1.7 18.0 ± 1.7 17.8 ± 1. 14.3 ± 2.9 14.9 ± 2.6 15.5 ± 1.6 15.9 ± 2.1 No. of implantation sites 13.9 ± 2.9 14.2 ± 2.6 14.7 ± 1.6 14.6 ± 2.2 Total No. of offspring at birth 13.3 ± 2.5 14.1 ± 2.6 14.4 ± 1.5 14.5 ± 2.3 No. of offspring born alive 0.51 0.48 0.50 0.51 Sex ratio Body weights of male offspring 6.6 ± 0.6 6.5 ± 0.5 6.6 ± 0.5 6.8 ± 0.4 Day 0 11.1 ± 1.8 10.9 ± 1.0 11.0 ± 1.0 11.1 ± 0.9 Day 4
18.3 ± 2.2 17.8 ± 1.6 18.1 ± 1.5 18.4 ± 1.3 Day 7
36.2 ± 2.9 37.3 ± 2.7 37.8 ± 2.5 38.5 ± 2.2 Day 14 59.2 ± 5.0** 62.8 ± 5.0 62.8 ± 4.2 64.9 ± 4.2 Day 21 Body weights of female offspring 6.2 ± 0.6 6.2 ± 0.5 6.2 ± 0.4 6.4 ± 0.4 Day 0 10.6 ± 1.5 10.4 ± 1.2 10.5 ± 0.8 10.6 ± 0.7 Day 4 17.5 ± 1.9 16.9 ± 1.9 17.2 ± 1.3 17.6 ± 1.0 Day 7 35.0 ± 2.6 35.8 ± 2.7 36.3 ± 2.2 37.3 ± 2.1 Day 14 56.6 ± 4.3** 59.2 ± 4.4 59.3 ± 3.5 61.7 ± 3.7 Day 21 a : Mean ± SD. b : No. of days until copulation (days) = Number of days from the start of the mating until the day of copulation confirmed. c : Mating index (%) = (Number of males and females showing evidence of copulation / number of males and females used for mating) × 100. d : Fertility index (%) = (Number of pregnant females / number of copulated females) × 100. e : Gestation length (days) = Number of days from GD 0 till the delivery day. f : Gestation index (%) = (Number of females with normal delivery / number of pregnant females) × 100. g : Birth index (%) = (Number of live pups delivered / number of implantations) × 100. h : Sex ratio = Total number of male pups delivered / total number of pups delivered. *: Significantly different from the control value, *, p<0.05; **, p<0.01.
Vol. 30 Special Issue mal, and examination for this rat revealed no sperm.
5) Serum hormone levels
Data for serum hormone levels in F0 and F1 parental animals are shown in Table 5 . Changes with statistical significance included elevated testosterone in F0 parental males of the 1200 ppm group and the lowered FSH in F1 parental females in the 240 ppm group. However, since changes were not evident at 6000 ppm , they were not considered related to DCHP.
6) Organ Weights
Organ weights for F0 and F1 parental animals are shown in Table 6 . In the 6000 ppm group, significant increase in relative liver weights in F0 parental males and females and of thyroid in F0 parental males was noted. In addition, regarding the corresponding absolute organ weights, tendencies for increase were appar- ent. Significant lowering of values was observed for both absolute and relative prostatic weights in F1 parental males in the same group. In the 240 and 1200 ppm groups, no obvious changes were observed in either F0 or F1 males or females.
7) Pathological and histopathological findings
As necropsy findings, enlargement of the liver was observed in F0 and F1 parental males and females of the 6000 ppm group and in F1 parental females of the 1200 ppm group. Soft small sized testes were observed in F1 males in the 6000 ppm group.
Data for histopathological findings in F0 and F1 parental animals are shown in Table 7 . On examination of the reproductive organs, in F0 parental males, focal atrophy of seminiferous tubules was noted in one each of the control and 6000 ppm groups, and no difference in the status was observed. In F1 parental males, three animals in the 6000 ppm group showed diffuse atrophy of seminiferous tubules; along with focal atrophy one in the control, two in the 1200 ppm, and six in the 6000 ppm group. Moreover, in the 6000 ppm group, increase in the degree of atrophic testicular changes was revealed. A lack of sperm in the epididymal tubes was observed in the three males with diffusely atrophic seminiferous tubules.
Histopathological examination revealed diffuse hypertrophy of hepatocytes in F0 males and females of the 1200 ppm or higher groups, and in F1 males and females of the 6000 ppm group. Hypertrophy of the thyroid follicular cells was observed in F0 males of the 1200 ppm or higher groups, F0 females of the 6000 ppm group, and F1 males and females of the 6000 ppm group. Hypertrophied follicular epithelial cells appeared to be high-columnar, and follicles lined with such cells containing small amounts of colloid. While the shape of normal follicular antrum was almost circular, that lined by hypertrophic cells appeared to be irregular.
Increased hyaline droplets in the renal proximal tubular epithelium were observed in both F0 and F1 parental males in the 6000 ppm group. Marked change (moderate grade) of the increased hyaline droplet accompanied with the appearance of eosinophilic microbodies. Moderately increased hyaline droplets were also observed in one each of the F0 and F1 males of the control and 240 ppm groups, however, increase in the number of the cases with hyaline droplet was shown in the cases with moderate grade in the 6000 ppm group.
Effects on the growth and development of the offspring 1) Clinical signs and body weight
In the F1 and F2 offspring, no changes related to DCHP treatment were found for clinical signs in any dose group. With 6000 ppm, significantly lowered values were found as follows: for body weights on PNDs 0-21 in males and females, for body weight gain on PNDs 7-21 in males and PNDs 4-21 in females in the F1 offspring, and for body weights on PND 21 and for body weight gain on PNDs 14-21 in males and females in the F2 offspring.
2) AGD and areola examination
Data for AGD and areolae in F1 and F2 pups are shown in Table 8 . In the F1 and F2 male offspring of animal receiving 6000 ppm, significantly lower values were observed in anogenital distance (AGD) and the relative AGD values and the appearance of the areola was also observed. In the F2 male offspring in 1200 ppm group, reduced absolute and relative AGD and appearance of the areolae were also observed.
3) Viability index and physical development
Viability indices and values for physical development parameter in F1 and F2 pups are shown in Table 9 . There were no changes in the 240 ppm group. No change related to DCHP treatment was observed in any dose group in terms of the number of F1 and F2 pups delivered, viability on PNDs 0, 4, and 21, the results of the reflex response tests and external surface anomalies. There were no DCHP treatment-related changes observed in terms of the incidence of pinna unfolding, the ages of incisor eruption (upper incisor eruption) and eye opening in both males and females of the F1 and F2 offspring, the ages as well as body weights at vaginal opening in F1 female offspring and at preputial separation in F1 male offspring. Although F1 male offspring in the 6000 ppm group showed significantly lowered body weights on the day of preputial separation, the age was not statistically different from that of control, and body weight gain of the group was inhibited throughout after PND 0. Thus, it was considered that the test substance did not directly affect sexual maturation of the offspring in spite of the body weight gain inhibition.
4) Organ weights
Organ weights for F1 and F2 offsprings are shown in Table 10 . In the 6000 ppm group, significant changes in thymus, spleen and brain weights were observed. These changes, however, were found only in either absolute or relative weights, and some showed contrary results between the two. Therefore, it was considered that the changes were attributable to inhibition of body weight gain, which was related to administration of DCHP. In the groups receiving doses of 1200 ppm or less, no test substance related changes were observed.
5) Necropsy findings
Dilatation of the renal pelvis was observed in F1 male or female offspring of the control and treated groups. However, these changes appeared in only one or two animals and were not dose-dependent, so they were considered to be unrelated to DCHP. In addition, no abnormalities were observed in the one F2 offspring which died during the lactational period.
DISCUSSION
The toxic effects found in F0 and F1 parental animals in the present study were as follows: inhibition of body weight gain and food consumption, diffuse hypertrophy of hepatocytes and of thyroidal follicular cells in the 1200 ppm or 6000 ppm groups; increased organ weights of the liver and thyroid, and increased hyaline droplets in the renal proximal tubular epithelium (male animals only) were additionally observed at 6000 ppm. Furthermore, decrease in prostate weights and diffuse and/or focal atrophy of testicular seminiferous tubules were observed in F1 males of the 6000 ppm group. In F1 and F2 offspring, inhibition of body weight gain in both sexes of the 6000 ppm group was observed.
Endocrine disrupting effects on the F1 and F2 offspring included the following: decrease in the anogenital distance (AGD) and the appearance of areolae in F1 males of the 6000 ppm group and F2 males at 1200 ppm and 6000 ppm. Detailed examination revealed no female-type nipples, and areolae were Vol. 30 Special Issue observed only. Thus, the degree of the effect was not severe. It had been reported that with decrease in AGD and the appearance of nipples in male offspring may occur administration of phthalate esters like the test substance (Gray et al., 2001) . For example di-n-butyl phthalate (DBP) showed anti-androgenic activity estimated to be caused not by an androgen receptor (AR) mediated mechanism, but rather by inhibition of testosterone synthesis in the fetus (Shultz et al., 2001) . Accordingly, we concluded that DCHP induced the decrease of AGD and the appearance of areola in male offspring through a similar mechanism. Our data suggest that DCHP might exert endocrine disrupting effects in male animals of the next generation because changes in the endocrine system were recognized in F1 male offspring of the 6000 ppm group and F2 male offspring at 1200 ppm and 6000 ppm under the conditions of this study.
Atrophy of the seminiferous tubules in the testis was observed in 9 of 22 F1 males of the 6000 ppm group. Three showed diffuse atrophy, with marked testicular atrophic change. It is known that atrophy of seminiferous tubules occurs in rats or mice treated with phthalate ester compounds (Gopinath et al., 1987a; Kandori et al., 2000) , and in an earlier one-week oral repeated dose study of DCHP such focal atrophy was observed in 1 of 5 animals in the group treated with the dose of 2500 mg/kg (Lake et al., 1982) . Thus, it is considered that the testicular change found in this study was indeed related to DCHP.
Reduction in the number of homogenizationresistant spermatids in the testes in F1 male parents of the 1200 and 6000 ppm groups was observed. Since atrophy of the seminiferous tubules was observed in the 6000 ppm group, it was considered that this was responsible for the change in the testicular spermatid head counts. In the 1200 ppm group, reduction in the sperm counts was not accompanied by any obvious histological changes. Measurement of sperm count, however, is not considered necessary, because a reduction in sperm count can also be detected by histopathology alone, and with higher sensitivity (Mangelsdorf et al., 2003) . In spite of the reduction in sperm counts, there were no effects recognized at any dose on sperm motility and copulation or fertility indices in this study. Sperm motility is known to be the most sensitive parameter, being found to have a high correlation with fertility (Mangelsdorf et al., 2003) . Therefore, it is concluded that treatment with DCHP does not exert any adverse effects on reproductive functions.
With regard to the decrease of prostatic weight, no DCHP-related changes were observed in the weights of the male accessory reproductive organs in an earlier Hershberger assay, and thus, it was concluded that DCHP does not have androgenic or antiandrogenic activity (METI, 2002) . General toxicological effects on body weights and food consumption were observed in the 6000 ppm group, and whether these might have impacted the prostatic weights could not be elucidated. Slight prolongation of the estrous cycle in F0 female parents of the 6000 ppm group was also observed here, but this might have been a consequence of inhibition of body weight gain, as shown with restricted feeding (Chapin et al., 1993) . As inhibition of body weight gain and food consumption were remarkable in the F0 parental female rats and stronger than in F1 females, we conclude that the prolongation of the estrous cycle was indeed a secondary change caused by inhibition of body weight gain. Taken together with the fact that neither estrogenic nor antiestrogenic activity was recognized in uterotrophic assays (METI, 2002) , this change can not be considered a direct effect of DCHP treatment on the endocrine system.
Regarding the other histopathological findings, hepatocyte hypertrophy is often induced by administration of chemicals, as a kind of adaptive vital reaction as a consequence of induction of drug-metabolizing enzymes (Gopinath et al., 1987b; 13.8 ± 0.7 14.0 ± 0.6 13.9 ± 0.5 13.8 ± 0.6 Age (day) a : Mean ± SD. b : Viability on PND 0 (survival rate at delivery)(%) = (Number of live pups on PND 0 / total number of pups delivered) × 100. c : Viability on PND 4 (the survival rate on day 4)(%) = (Number of live pups on PND 4 / number of live pups on PND 0) × 100. d : Viability rate on PND 21 (weaning rate)(%) = (Number of live pups on PND 21 / number of live pups on PND 4) × 100. e : Day of completion. f : Body weight completion day. *: Significantly different from the control value, *, p<0.05; **, p<0.01. 1990a). It was earlier reported that hypertrophy of the hepatocyte and enhancement of the activities of several hepatic enzymes such as cytochrome P-450 were induced in a one week oral repeated dose study with DCHP in rats (Lake et al., 1982) . Similarly hypertrophy or hyperplasia of thyroidal follicular epithelial cells may occur in relation to induction of hepatic drug-metabolizing enzymes, so that metabolism and degradation of thyroid hormones in the liver is accelerated (Gopinath et al., 1987c) . Therefore, it is considered that the thyroidal change was linked to hypertrophy of hepatocytes.
Enhanced deposition of hyaline droplets in the renal proximal tubules was observed in F0 and F1 male parents given 6000 ppm, and this was accompanied by the appearance of the eosinophilic microbodies. It is well established that hyaline droplets in the proximal tubular epithelium appear when proteinous substances are reabsorbed, especially in male rats, and that the amount of hyaline droplets derived from α2U globulin increases with aging (Greaves et al., 1990b) . Moreover, it is also known that eosinophilic microbodies often appear simultaneously with increased hyaline droplets, and that the structure of eosinophilic microbodies includes α 2U globulin (Watanabe an d Nishikawa, 2000) . Taking the available evidence into account, the renal changes were concluded to be related to increased deposition of α2U globulin, as a rat specific effect caused by DCHP.
In conclusion, from the present study of DCHP administered to rats over two generations, the no observed effect level (NOEL) for effects on the parental animals including those on the endocrine system was estimated to be 240 ppm. With regard to the reproductive toxicological effects on the parental animals the NOEL was judged to be 240 ppm in males and 1200 ppm in females, and with regard to effects on the offspring, the NOEL was judged to be 240 ppm in males and 1200 ppm in females.
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